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9 CompoaHlon of matter and method fbrconverelon ores and C4hydroc8ibo^ 

@ Compositions of matter, including: a composition con- 
sisting of iron oxide and magnesium oxide; a composition 
comprising iron oxide, manganese oxide and magnesium 
oxide; a composition comprising a small amount of Iron 
oxide and a larger amount of an oxide of a Lanthanum 
Series metal, particularly lanthanum and cerium; and a 
composition comprising iron oxide and niobium oxide. The 
at)ove compositions are particularly useful as catalytic com- 
positions for the conversion of Ca and C4 hydrocart)ons to 
less saturated hydrocarbons, particularly ethylene and 
propylene and preferably ethylene, in the presence of 
steam. The steam substantially increases the active life of 
the catalytic composition, before regeneration is necessary, 
as well as significantly increasing the selectivity to ethylene. 
Limiting the amount of bound or fixed sulfur in the catalytic 
compositions also improves the catalysts. 
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COMPOSITION OF MATTER AND METHOD 
FOR CONVERSION Or Ca AND Ca HYDROCARBONS 

The present invention relates to improved compositions of 
matter. In a more specific aspect, the present invention relates to 
improved catalysts for the conversion of C3 and C4 hydrocarbons to less 
saturated hydrocarbons. In a more specific aspect, the present invention 
relates to improved catalysts for the conversion of C3 and C4 alkanes to 
less saturated hydrocarbons, particularly ethylene and propylene and 
preferably ethylene. 

Background of the Invention 

Olefins, such as ethylene and propylene, have become major 
feedstocks in the organic chemical and petrochemical industries. Of 
these, ethylene is by far the most important chemical feedstock, since 
the requirements for ethylene feedstocks are about double those for 
propylene feedstocks. Consequently, improved methods for the conversion 
of less valuable hydrocarbons to ethylene and propylene, and particularly 
to ethylene, are highly desirable. 

Numerous suggestions have been made for the production of 
ethylene and propylene, particularly ethylene, from various feedstocks 
and by a wide variety of processes. 

At the present time, ethylene is produced almost exclusively by 
dehydrogenation or thermal cracking of ethane and propane, naphtha and, 
in some instances, gas oils. About 75% of the ethylene currently 
produced in the United States is produced by steam cracking of ethane and 
higher normally gaseous hydrocarbon components of natural gas, since 
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natural gas contains from about 5 vol.% to about 60 vol.% of hydrocarbons 
other than methane. However, in most instances, the content of ethane 
and higher normally gaseous hydrocarbon materials in natural gas is less 
than about 25% and usually less than about 15%. Consequently, these 
5 limited quantities of feedstocks, which are available for the production 
of ethylene and propylene, and particularly etheylene, must be utilized 
efficiently. Unfortunately, these processes result in low conversions to 
olefins and selectivity to ethylene, as opposed to propylene, is poor. 
In addition, relatively severe conditions, particularly temperatures in 
10 excess of about lOOO^C, are required and such processes are highly energy 
intensive. 

In order to reduce the severity of the conditions and, more 
importantly, to improve the conversion of normally gaseous feedstocks to 
ethylene and propylene and selectivity to ethylene, numerous processess 

15 involving the use of solid contact materials have been proposed. Some of 
these proposals utilize inert solid contact materials to improve contact 
between the feed hydrocarbons and steam and also to maintain a more even 
temperature throughout the zone of reaction. In other instances, the 
solid contact material is catalytic in nature. Such use as solid contact 

20 materials, particularly catalysts, have resulted in modest improvements 
in conversion to ethylene and propylene but the selectivity to ethylene 
is improved very little. It is, therefore, highly desirable that 
improved catalytic processes be developed, particularly processes which 
increase the selectivity to ethylene, as opposed to propylene. However, 

25 little is understood concerning the manner in which such catalysts 
function, why certain components are effective while similar components 
are ineffective, or why certain combinations of components are effective 
and other combinations are not. Obviously, a number of theories have 
been proposed by workers of the art, but this only adds to the confusion, 

30 since it appears that each theory explains why a particular catalytic 
material works well, but does not explain why similar catalytic materials 
do not work and why other dissimilar materials are effective. As a 
result, the art of catalytic conversion of hydrocarbons to olefins 
remains highly unpredictable. 
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Summary of the Inveation 
It is therefore an object of the present invention to provide 
improved compositions of matter and methods of utilizing the same, which 
overcome the above and other disadvantages of the prior art. Another 
5 object of the present invention is to provide improved compositions of 
matter. Still another object of the present invention is to provide 
improved catalytic compositions for the conversion of C3 and C4 hydro- 
carbons to less saturated hydrocarbons. Another and further object of 
the present invention is to provide an improved method for the conversion 

10 of C3 and C4 hydrocarbons to less saturated hydrocarbons , in the presence 
of steam. Yet another object of the present invention is to provide an 
improved process for the conversion of C3 and C4 hydrocarbons to less 
saturated hydrocarbons, in the presence of steam, to selectively produce 
. ethylene, ethane and propylene, and particularly ethylene. A further 

15 object of the present invention is to provide an improved catalytic 
material for the conversion of C3 and C4 hydrocarbons to less saturated 
hydrocarbons, which has an improved effective life, before regeneration 
is necessary, particularly for the, production of ethylene, ethane and 
propylene, and more particularly ethylene. 

20 The present invention provides improved compositions of matter, 

including: a composition of matter consisting of iron oxide and magnesium 
oxide; a composition of matter comprising iron oxide, manganese oxide and 
magnesium oxide; and compositions of matter comprising iron oxide and at 
least one oxide of Lanthanum Series metals, particularly lanthanum and 

25 cerium, or niobium. These compositions of matter have been found to be 
highly effective catalyst compositions for the conversion of feed hydro- 
carbons comprising at least one of C3 and C4 hydrocarbons to less 
saturated hydrocarbons, in the presence of steam. A method of converting 
feed hydrocarbons comprising C3 and C4 hydrocarbons to less saturated 

30 hydrocarbons, particularly ethylene and propylene, and preferably 

ethylene, is provided in which the feed hydrocarbons are contacted with 
the above-mentioned catalytic compositions, in the presence of steam, 
under conditions sufficient to convert the feed hydrocarbons to less 
saturated product hydrocarbons. The effectiveness of the catalytic 

35 compositions is also improved by limiting the sulfur content thereof. 



4 

Detailed Description of the lavention 
The hydrocarbon feed components, in accordance with the present 
invention, can include any normally gaseous hydrocarbon stream containing 
significant amounts of C3 and C4 hydrocarbons, particularly propane and 
n-butane, with n-butane being preferred. The presence of other normally 
gaseous components or even normally liquid components, which vaporize at 
operating conditions, are not detrimental to the process. For example, 
it has been found that if isobutane is utilized, in accordance with the 
present invention, the • catalysts of the present invention shift the 
product stream from isobutene to propylene and, therefore, one of the 
desired products of the present invention is produced. On the other 
hand, it has been found that the catalytic process of the present 
invention is generally ineffective, as compared with a strictly thermal 
process, in improving the conversion of ethane to ethylene. However, the 
presence of ethane in feed hydrocarbons, obviously, is not detrimental. 
Components other than hydrocarbons are also not detrimental. The primary 
criteria in all cases is the cost or difficulty of separating inert 
materials or the products of components other than C3 and C4 hydrocarbons 
from the desired ethylene and propylene and whether such separation is 
less costly and/or less difficult before or after conduct of the process 
of the present invention. Suitable feedstocks for the process of the 
present invention can be obtained from any source, including natural gas, 
refinery off -gases and the like. However, the most convenient and 
abundant source is C3 and C4 hydrocarbon streams recovered during the 
processing of a natural gas to produce a pipeline gas for heating 
purposes. Conventionally, C2 and higher hydrocarbons are separated from 
methane to produce a pipeline gas for heating purposes, which 
predominates in methane, by compression and expansion, cryogenic means or 
a combination of both. Usually, the natural gas, either at a high 
pressure as produced or compressed to a high pressure, is treated to 
successively condense first normally liquid hydrocarbons (C6+ 
hydrocarbons or natural gasoline), then C5, followed by C4, then C3 and, 
finally, C2 hydrocarbons, by cooling to successively lower temperatures 
with the separation or fractionation of the condensed liquid from 
uncondensed vapor between cooling stages. Thus, individual streams 



predominating in an individual hydrocarbon, such as C5, C4, C3 and C2, 
can be obtained or streams predominating in combinations of the 
individual hydrocarbons can be recovered. Accordingly, the thus 
separated propane stream or the thus separated butanes stream can be be 
utilized as a feed hydrocarbon for the present invention, or a stream 
predominating in a mixture of propane and butanes can be utilized. 
Obviously, the latter would eliminate the necessity of one stage of 
cooling and separation in a natural gas processing system. 

The compositions of matter of the present invention include a 
composition consisting of an oxide of iron and an oxide of magnesium; a 
composition comprising an oxide of iron, an oxide of manganese, and an 
oxide of magnesium; a composition comprising a minor amount of an oxide 
of iron, a major amount of an oxide of a metal of the Lanthanum Series, 
preferably lanthanum or cerium; and a composition comprising an oxide of 
iron and an oxide of niobium. From time to time, herein, the iron oxide 
and the manganese oxide are referred to as promoters or active components 
and the magnesium oxide, Lanthanum Series oxide or niobium oxide as a 
base material. This reference is simply as a matter of convenience, 
because the iron oxide and/or the manganese oxide are usually the minor 
components and the magnesium oxide, the Lanthanum Series oxides and the 
niobium oxide are major components. Accordingly, it is to be understood 
that such reference is not meant to categorize the components. As will 
appear hereinafter, all the recited components are necessary and are 
catalytically active in the process of the present invention. 

The above mentioned compositions of matter have been found to 
be particularly effective as catalytic compositions for the conversion of 
C3 and C4 hydrocarbons to less saturated hydrocarbons. Accordingly, for 
such use, the composition will generally contain from about 0.1 to about 
30 wt.% of iron, expressed as elemental iron based on the total weight of 
the composition, and preferably between about 0.5 and about 15 wt.% of 
iron. Similar amounts of manganese or iron can be utilized as a 
combination of iron oxide and manganese oxide on a magnesium oxide base. 
However, such amounts of iron and manganese may be reduced where the 
combination is utilized. 



31507US 

0212320 

6 

The method of preparation of the catalyst compositions of the 
present invention does not appear to be critical, so long as the desired 
final compositions of the component metal ozides is obtained. Suitable 
methods of preparation include slurry blending, solution blending, dry 
blending, impregnation and co-precipitation, all of which are well known 
to those skilled in the art- A convenient method is to add metal solids, 
such as, MgO or llg(0H)2, of the base material to a blending apparatus 
along with an aqueous solution of a metal salt, such as ferric nitrate, 
of the promoter and mixing for several minutes, for example, 2-5 minutes, 
to form a thick slurry. In the interest of economy, excess water should 
be avoided. The resulting slurry is then dried in air by conventional 
means, at about lOO^C to 150*^0, calcined for about four hours, at about 
750®C to 800**C, and then ground, sieved and, optionally, pelleted or 
othexrwise sized by means well known in the art. 

When utilizing the above-mentioned catalyst composition, 
containing iron oxide, it has been found, in accordance with another 
aspect of the present invention, that steam is essential to the conduct 
of the process. Specifically, the presence of steam, during a conduct of 
the conversion of C3 and C4 hydrocarbons, greatly extends the active life 
of the catalyst and it has been found that, without steam, over an 
extended period of time, the iron oxide reduces to metallic iron, which 
is ineffective in the process. 

The process of the present invention can be carried out in 
fixed, moving, fluidized, ebulating or entrained bed reactors. For 
experimental purposes and, obviously, to permit accurate measurement and 
precise control of the process variables, the runs hereinafter set forth 
in the examples were conducted in a fixed bed reactor. 

During operation, in accordance with the present invention, it 
has been found that small amounts of the feedstock are converted to coke, 
which is then desposited upon the catalyst and contributes to a decline 
in the catalyst activity, particularly the selectivity to ethylene. 
Accordingly, it is desirable to periodically regenerate the catalyst by 
conventional techniques of carbon removal, such as treatment with an 
oxygen-containing gas, such as air. During such regeneration, it may 
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also be desirable to use inert gas. or steam dilution to control burn-off 
temperatures, as is also well known to those skilled in the art. 

Following preparation of the catalytic composition, the 
catalyst may be prepared for use by purging with an inert gas, such at 
nitrogen. Normally, the catalyst would be disposed in the reactor and be 
brought up to reaction temperature by preheating with air, then purging 
with hot nitrogen and, finally, introducing the hydrocarbon feed. Since 
it is preferred that steam be added to the hydrocarbon feed, in the 
conduct of the process of the present invention, it may be preferred to 
use steam rather than nitrogen as a purging gas. The catalyst may also, 
optionally, be pretreated with hydrogen before use. Such treatment is 
preferably carried out at about the operating temperature of the process 
and at a pressure up to about 600 psia. Such hydrogen pretreatment 
appears to reduce higher oxidation states of manganese and/or iron and, 
thereby, reduces initial carbon oxide formation. 

With the exception of the presence of steam and the possible 
exception of the temperature of operation, the operating conditions of 
the process, in accordance with the present invention, do not appear to 
be highly critical. Accordingly the following conditions of operation 
are those found effective and preferred. 

The steam/hydrocarbon mol ratio may be between about 0.1/1 to 
about 10/1 and is preferably between about 0.5/1 and about 5/1. 

The hydrocarbon gas hourly space velocity (GHSV) may range from 
about 100 to about 3000 but is preferably between about 500 and about 
1000. 

The operating pressure may be between about 0.1 at about 100 
psia and is preferably between about 1 and about 60. 

The temperature of operation appears to be significant in the 
conversion of feed hydrocarbons to olefins and particularly in improving 
the selectivity to ethylene. Suitable temperatures range between about 
550*C and about 850"C, with the preferred range being between about 650«»C 
and about 775*C. 

The nature and advantages of the present invention are 
illustrated by the following examples. 
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Example I 

Quartz chips were utilized for a comparative run representive 
of thermal cracking in the presence of steam. All catalysts, in general, 
were prepared either by incipient wetness impregnation of the support 
5 oxides or co-precipitation from various soluble materials. The promoting 
materials were in their oxide form but their concentrations are reported 
as weight percent of elemental metal based on the total weight of the 
catalyst. 

The reactor was a fixed bed 18 mm (i.d.) quartz reactor which 

10 held 25cc of catalyst. The reactor contained a quartz thermocouple well 
centered axially along the catalyst bed and the temperatures reported are 
the longitudinal midpoint in the catalyst bed. 

In the experiments reported, all catalysts were pretreated in 
the same manner. This pretreatment involved air oxidation for 10 min., 

15 nitrogen purge for 2 min., hydrogen reduction for 10 min. and a final 
nitrogen purge. The catalyst was brought up to reaction temperature 
prior to the introduction of the hydrocarbon feed. The hydrocarbon feed 
was n-butane at a flow rate of 100 cc/min. through a water saturator at 
about 81^C. The combined feed plus steam flow rate resulted in 

20 approximately a 1 second residence time through the catalyst bed. 

Effluent from the reactor was snap sampled and analyzed by 
chromatographic techniques. Product sampling was normally after 2-5 min. 
of feed. This reaction time determines the "initial activity" of a 
catalyst. The conversion is reported as mol percent of n-butane 

25 converted and the conversion level was maintained at 50 mol % for 

comparative purposes. The reported selectivities are based on normalized 
mols of feed converted to the indicated products. 

The results of this series of runs is reported in the following 

table . 
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Table 1 



Catalyst 


Temp . °C 


V/WftlV • 


Selectivity 


L2-+C2 








Cg- 






Cg- 


Quartz Chips 


720 


50 


30 


39 


7 


0.95 


5% Fe/MgO 


675 


50 


31 


26 


19 


1.92 


5% Fe/CaO 


705 


50 


30 


34 


10 


1.17 


3.5% Co/MgO 


708 


50 


30 


38 


7 


0.97 


5% Fe/LaaOg 


672 


50 


18 


21 


14 


1.52 


4% Fe/CeOz* 


645 


50 


22 


16 


22 


2.75 


5% Co/LaaOa** 


542 


50 






3 





* 14% Selectivity to Buteaes 
** 77% Selectivity to Methane 

It is to be observed from the above table that the combinations 
of iron oxide/magnesium oxide; iron oxide/ lanthanum oxide; and iron 
oxide/ cerium oxide, in accordance with the present invention, are 
substantially superior to the thermal conversion in the presence of 
quartz chips, in the selectivity to C2 hydrocarbons and particularly the 
conversion to C2 hydrocarbons, as opposed to propylene. Specifically the 
thermal conversion will generally result in a C2/propylene ratio of about 
1. On the other hand, when utilizing catalyst materials of the present 
invention, this ratio is at least 1.5, and generally 2 or more. 

Since cobalt is generally considered an equivalent catalytic 
material to iron, comparative tests were also made with cobalt oxide on 
magnesium oxide and cobalt oxide on lanthanum oxide. It is to be seen 
that the cobalt on magnesium oxide was no better than the thermal 
cracking operation and the cobalt on lanthanum oxide was essentially 
useless for any purpose. In order to illustrate the fact that magnesium 
oxide is the only effective base of Group IIA metals, a comparison was 
run utilizing iron oxide on calcium oxide as a base. Here again, the 
results indicate that this combination is little better than the thermal 
conversion run. 
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As previously pointed out, the presence of steam, during the 
conduct of the reaction, not only increases the life of the catalyst 
compositions of the present invention but is necessary to obtain the 
desired results of the present process. The following example 
5 illustrates this. 

Example II 

A series of isothermal runs were made for n-butane cracking, 
utilizing a catalyst composition having 4 wt.% of iron (expressed in 
terms of elemental iron based on the total weight of the catalyst) on a 

10 magnesium oxide base. The catalyst was prepared by wet slurrying. 17cc 
of catalyst was disposed in an 18 mm (i.d.) quartz reactor. The n-butane 
feed rate was about lOOcc/min. , thus providing a 1 second residence time 
when the steam/hydrocarbon ratio was 1/1. The residence time was 
proportionately less for larger steam/hydrocarbon ratios. 

15 Temperatures were maintained at 709**C, 713°C, 7l6°C and 722^C for 
hydrocarbon/steam ratios of 1/1, 1/2, 1/3 and a nitrogen/hydrocarbon 
ratio of 1/1 respectively. 

Hydrogen production is reported since the hydrogen production 
is proportional to the amount of carbon formed, which in turn indicates 

20 the degree of catalyst fouling or inactivation. 

The results of this series of tests are set forth in the 
following table. 
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Inspection of the data of the above table shows quite clearly 
that the catalyst life is extended significantly by the utilization of 
steam, particularly at the higher ratios. In addition, the selectivity 
to ethylene, as opposed to propylene, is significantly improved both at 

5 the start of the process cycle and over an extended period of time. For 
example, at a 1/1 hydrocarbon/steam ratio the selectivity of ethylene/ 
propylene is greater than 1 for about 30 min., at a 1/3 hydrocarbon/steam 
ratio the selectivity remains about 1.4 about 300 min., and when 
utilizing nitrogen the ratio drops below 1 in less than 10 min. 

10 In the run utilizing nitrogen instead of steam, it is also to 

be seen that the hydrogen production was at least double that when 
utilizing steam. Finally, when nitrogen was used, conversion of n-butane 
was initially as low as any of the runs with steam and dropped rapidly 
below any of the runs with steam in less than about 20 minutes. 

15 Another series of runs was conducted compared with thermal 

conversion (one quartz chips) at varying temperatures. 

Exao^le III 

The catalyst in the present example was prepared by slurrying, 
to produce a catalytic material containing 4% elemental iron as iron 
20 oxide on a magnesium oxide base. The steam/hydrocarbon ratio was 1/1. 
Otherwise, the conditions of operation were the same as those in the 
previous examples. The times at which the sample was taken after the 
beginning of hydrocarbon feed and steam are set forth in the Table. 
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Table 3 



Catalyst 
Quartz Chips 



4% Fe/MgO 









Selectivities 


C2= + Cj. 


nxu • 


TfamTl 


Conv« 






C2 


C3= 


4 


602 


5 


22 


50 


10 


0.64 


4 


627 


11 


24 


48 


8 


0.67 


4 


642 


19 


25 


46 


8 


0.69 


4 


666 


24 


29 


45 


6 


0.73 


5 


684 


33 


27 


44 


8 


0.80 


4 


718 


65 


33 


36 


6 


1.08 


4 


743 


81 


38 


30 


6 


1.46 


4 


767 


92 


44 


23 


5 


2.13 


2 


617 


13 


27 


25 


21 


1.92 


3 


639 


19 


32 


26 


23 


2.12 


3 


661 


31 


33 


24 


22 


2.29 


3 


686 


46 


34 


25 


20 


2.16 


3 


697 


48 


37 


25 


19 


2.24 


3 


709 


59 


36 


23 


19 


2.39 


3 


735 


74 


38 


21 


15 


2.52 



It is to be observed from Table 3 that the thermal conversion 
resulted in substantially lower conversions, substantially lower 
selectivity to C2 hydrocarbons, as opposed to propylene, and 
substantially lower selectivities to ethylene, as opposed to propylene. 
The only run in which the thermal conversion even approached the results 
obtained in accordance with the catalytic process of the present 
invention was the last run in which a C2/propylene ratio of 2.13 was 
obtained. However, it should be clearly observed that this ratio is 
obtained only at a temperature nearly 130° higher than the same ratio 
could be obtained in accordance with the present invention. 

The following example illustrates the effectiveness of a 
catalyst composition comprising iron oxide deposited on a cerium oxide 
base at various temperatures, again compared with a thermal conversion 
with quartz chips. 

Example IV 

This series of tests was conducted in substantially the same 
manner and under substantially the same conditions as previous tests, 
utilizing a catalyst composition comprising 4 wt.% iron (expressed in, 
terms of elemental iron based on the total weight of the catalyst) on a 
cerium oxide base. The feed hydrocarbon was n-butane, the conditions of 
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15 



20 



25 



30 



14 



operation were generally the same as previously utilized, with a feed 
hydrocarbon rate of lOOcc/min. and a steam/hydrocarbon ratio of 1/1. 

The results of this series of runs is set forth in Table 4 

below. 

Table 4 



Catalyst 


Temp.^'C 


Conv. 


Selectivity 

C2= ' C3= C2 




Quartz Chips 


625 


14 


24 


46 


9 


0.67 




643 


19 


25.1 


46.1 


8.5 


0.73 




650 


21 


26 


46 


8 


0.74 




676 


27.4 


29.1 


43.7 


6.2 


0.81 




697 


52.8 


29.7 


39.1 


7.8 


0.93 


4% Fe/Ce02 


625 


22 


21 


14 


20 


2.93 




629 


32.8 


21.6 


14.6 


21 


2.92 




647 


50.1 


22 


15.9 


21.4 


2.73 




650 


55 


22 


16 


22 


2.75 




668 


70.5 


21.3 


16.2 


22.5 


2.70 



The above table clearly illustrates that the catalytic process 
of the present invention dramatically reduces the production of propylene 
and dramatically increases the selectivity to C2 hydrocarbons, as opposed 
to propylene. While not shown, the catalytic process also dramatically 
reduces methane production and substantially increases the production of 
mixed butenes which, of course, are also desirable products. The data 
also indicate typical results which are obtained by thermal cracking over 
the temperature range of operation of the catalytic process of the 
present invention. 

In parallel work it has been found that the addition of small 
promoting amounts of calcium, strontium or barium to certain catalysts 
were effective in increasing the life and the selectivities to olefins, 
particularly ethylene, when cracking C3 and C4 hydrocarbons. The 
following example illustrates that these promoters are essentially 
ineffective in catalytic materials which include iron oxides. 
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Example V 

This series of runs was conducted in the presence of a catalyst 
comprising 3 wt,% calcium and 4 wt.% iron (expressed in terms of 
elemental metal based on the total weight of a catalyst) combined with a 
5 magnesium oxide base. The catalyst was prepared by the previously 

mentioned slurrying technique. All runs were made under essentially the 
same conditions as previous runs. The time given in the following table 
is the sample time after hydrocarbon feed was started and the temperature 
was, as previously indicated, the midpoint temperature of the catalyst 
10 bed. 

Table 5 



Catalyst 


Min. 


•c 

Tenp. 


Conv. 


Selectivlties 
C2= Ca= C« 


9af 


gJ2 

3 


3%Ca/4%Fe/M80 


5 


608 


' i 
6 


23 


48 


11 


0.71 




5 


631 


10 


25 


45 


11 


0.80 


5 




5 


657 


20 


27 


42 


11 


0.90 


9 




6 


672 


35 


29 


38 


10 


1.03 


13 




5 


706 


52 


31 


34 


9 


1.18 


18 




5 


729 


71 


34 


29 


8 


1.45 


22 



20 It is to be observed that the data of the above table indicate 

that the combination of calcium oxide/iron oxide and magnesium oxide, as 
a catalyst, was no better than the thermal conversion obtained in the 
presence of quartz chips and which are set forth in the previous 
examples. Selectivity to ethylene, as opposed to propylene, was poor, 

25 selectivity to C2 hydrocarbons, as opposed to propylene, was low, and the 
catalyst tended to coke considerably, particularly at higher 
temperatures. For example, at 52% conversion of n-butane the calcium/ 
iron/magnesium oxide catalyst resulted in a C2/propylene ratio of only 
1.18. On the other hand, an irohVmagnesium oxide catalyst (Table 1) at 

30 the same conversion and a lower temperature, resulted in a ratio of 1.92. 
A C2/propylene ratio significantly above 1.00 was not obtained except at 
729^C, which is typical of a thermal conversion process and which was 
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substantially less than the ratio obtained at a temperature of about 110** 
less with the iron oxide/magnesium oxide catalyst as shown by the results 
of Table 3. 

It is also highly desirable, in accordance with the present 
5 invention, to limit the amount of "bound" or "fixed" sulfur in the 
components used to prepare the catalysts of the present invention. It 
appears that the presence of such bound or fixed sulfur in the catalytic 
material tends to inhibit the selectivity of the catalyst for the 
production of C2 hydrocarbons. Such sulfur is referred to as "bound" or 

10 "fixed" sulfur, since it does not appear to be converted to hydrogen 
sulfide or to be otherwise lost during the hydrocarbon conversion process 
or the regeneration step and is probably present in sulfate form. 
Desirably, the sulfur content should be below about 0.2 wt. %, expressed 
in terms of elemental sulfur based on the total weight of catalyst, and 

15 preferably below about 0.1 wt. %. 

While specific materials, conditions of operation, modes of 
operation and equipment have been referred to herein, it is to be 
recognized that these and other specific recitals are for illustrative 
purposes and to set forth the best mode only and are not to be considered 

20 limiting. 

The following part of the description are preferred 
embodiments 1 through 32 presented in the format of claims. 
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1. A composition of matter selected from the group consisting 

of: 

(a) a composition consisting essentially of: (1) at least one 
oxide of iron and (2) at least one oxide of magnesium; 
5 (b) a composition comprising: (1) at least one oxide of iron, 

(2) at least one oxide of manganese and (3) at least one oxide of 
magnesium; 

(c) a composition comprising: (1) a minor amount of at least 
one oxide of iron and (2) a major amount of at least one oxide of at 

10 least one metal of the Lanthanum Series; and 

(d) a composition comprising: (1) at least one oxide of iron 
and (2) at least one oxide of niobium. 

2. A composition in accordance with claim 1 wherein 
compositions (a), (b), (c) and (d) contain iron in an amount between 
about 0.1 and about 30 wt.%, expressed in terms of elemental iron based 
on the total weight of the composition. 

3. A composition in accordance with claim 1 wherein the 
composition consists essentially of: (1) at least one oxide of iron and 
(2) at least one oxide of magnesium. 

4. A composition in accordance with claim 1 wherein the 
composition comprises (1) at least one oxide of iron, (2) at least one 
oxide of maganese and (3) at least one oxide of magnesium. 

5. A composition in accordance with claim 4 wherein the 
composition contains manganese in an amount between about 0.1 and about 
30 wt.%y expressed in terms of elemental manganese based on the total 
weight of the composition. 

6. A composition in accordance with claim 1 wherein the 
composition comprises (1) a minor amount of at least one oxide of iron 
and (2) a major amount of at least one oxide of at least one metal of the 
Lanthanum Series. 

7. A composition in accordance with claim 6 wherein the metal 
of the Lanthanum Series is selected from the group consisting of 
lanthanum and cerium. 
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8. A composition in accordance with claim 1 vherein the 
composition comprises (1) at least one oxide of iron and (2) at least one 
oxide of niobium. 

9. A catalyst composition, adapted to convert feed 
hydrocarbons comprising at least one of C3 and C4 hydrocarbons to less 
saturated product hydrocarbons, in the presence of steam, selected from 
the group consisting of: 

5 (a) a catalyst composition consisting essentially of: (1) at 

least one oxide of iron and (2) at least one oxide of magnesium; 

(b) a catalyst composition comprising: (1) at least one oxide 
of iron, (2) at least one oxide of manganese and (3) at least one oxide 
of magnesium; 

10 (c) a catalyst composition comprising: (1) a minor amount of 

at least one oxide of iron and (2) a major amount of at least one oxide 
of at least one metal of the Iiathanum Series; and 

(d) a catalyst composition comprising: (1) at least one oxide 
of iron and (2) at least one oxide of niobium. 

15 10. A catalyst composition in accordance with claim 9 wherein 

catalyst compositions (a), (b), (c) and (d) contain iron in an amount 
between about 0.1 and about 30 wt.%, expressed in terms of elemental iron 
based on the total weight of said catalyst. 

11. A catalyst composition in accordance with claim 9 wherein 
the catalyst composition consists essentially of: (1) at least one oxide 
of iron and (2) at least one oxide of magnesium. 

12. A catalyst composition in accordance with claim 9 wherein 
the catalyst composition comprises: (1) at least one oxide of iron, (2) 
at least one oxide of manganese and (3) at least one oxide of magnesium. 

13. A catalyst composition in accordance with claim 12 wherein 
the catalyst composition contains manganese in an amount between about 
0.1 and about 30 wt.%, expressed in terms of elemental manganese based on 
the total weight of said catalyst. 

14. A catalyst composition in accordance with claim 9 wherein 
the catalyst composition comprises: (1) a minor amount of at least one 
oxide of iron and (2) a major amount of at least one oxide of at least 
one metal of the Lanthanum Series. 
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15. A catalyst composition ia accordance with claim 14 wherein 
the metal of the Lanthanum Series is selected from the group consisting 
of lanthanum and cerium. 

16. A catalyst composition in accordance with claim 9 wherein 
the catalyst composition comprises: (1) at least one oxide of iron and 
(2) at least one oxide of niobium. 

17. A method for converting feed hydrocarbons comprising at 
least one of C3 and C4 hydrocarbons to less saturated product 
hydrocarbons y comprising: 

contacting feed hydrocarbons comprising at least one of C3 and 
5 C4 hydrocarbons, in the presence of steam, with a catalyst composition 
selected from the group consisting of: 

(a) a catalyst composition consisting essentially of: (1) at 
least one oxide of iron and (2) at least one oxide of magnesium; 

(b) a catalyst composition comprising: (1) at least one oxide 
10 of iron, (2) at least one oxide of manganese and (3) at least one oxide of 

magnesium; 

(c) a catalyst composition comprising: (1) a minor amount of 
at least one oxide of iron and (2) a major amount of at least one oxide 
of at least one metal of the Lanthanum Series; and 

15 (d) a catalyst composition comprising: (1) at least one oxide 

of iron and (2) at least one oxide of niobium, 

under conditions sufficient to convert said feed hydrocarbons 
to said less saturated product hydrocarbons. 

18. A method in accordance with claim 17 wherein the feed 
hydrocarbons comprise propane. 

19. A method in accordance with claim 17 wherein the feed 
hydrocarbons comprise butanes. 

20. A method in accordance with claim 17 wherein the feed 
hydrocarbons comprise a mixture of propane and butanes. 

21. A method in accordance with claim 17 wherein the 
conditions are sufficient to selectively convert the feed hydrocarbons to 
ethylene and ethane. 
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22. A method in accordance with claim 21 wherein the 
conditions are sufficient to selectively convert the feed hydrocarbons to 
ethylene. 

23. A method in accordance with claim 17 wherein catalyst 
compositions (a), (b), (c) and (d) contain iron in an amount between 
about 0,1 and 30 wt.%, expressed in terms of elemental iron based on the 
total weight of said catalyst. 

24. A method in accordance with claim 17 wherein the catalyst 
composition consists essentially of: (1) at least one oxide of iron and 
(2) at least one oxide of magnesium. 

25. A method in accordance with claim 17 wherein the catalyst 
composition comprises: (1) at least one oxide of iron, (2) at least one 
oxide of manganese and (3) at least one oxide of magnesium. 

26. A method in accordance with claim 25 wherein the catalyst 
composition contains between about 0.1 and about 30 wt.% of manganese, 
expressed in terms of elemental manganese based on the total weight of 
said catalyst. 

27. A method in accordance with claim 17 wherein the catalyst 
composition comprises: (1) a minor amount of at least one oxide of iron 
and (2) a major amoimt of at least one oxide of at least one metal of the 
Lanthanum Series. 

28. A method in accordance with claim 27 wherein the metal of 
the Lanthanum Series is selected from the group consisting of lanthanum 
and cerium. 

29. A method in accordance with claim 17 wherein the catalyst 
composition comprises: (1) at least one oxide of iron and (2) at least 
one oxide of niobium. 

30. A method in accordance with claim 17 wherein the 
temperature is maintained between about 550®C and about 850°C. 

31. A method in accordance with claim 17 wherein the steam/ 
feed hydrocarbon ratio is maintained between about 0.1/1 and about 10/1. 

32. A method in accordance with claim 17 wherein the sulfur 
content of catalyst compositions (a), (b), (c) and (d) is below about 0.2 
wt.%» expressed in terms of elemental sulfur based on the total weight of 
said catalyst. 



rechtsanwAlte 

JOCHEN PAGENBERG or. jur. ll. m harvard- 
BERNHARD FROHWITTER DiPL-tNO." 
JORGEN kroner or. jur. ll. m. QUEEN'S UNIV.* 



HEINZ BARDEHLE Wp^InJ ^ ^ ^ 
WOLFGANG A. DOST or. dipv-chem. 
UDO W. ALTENBURG OIPL.-PHYS. 
BERNHARD H. GEISSLER dipl..phy9. or. jur. 

MCUGMUl AjJCH RECHTSANMIAa* UNO US ATIORNEV ilT UWV~ 



POSTFACH 860620 6000 MONCHEN 86 
TELEFON (089)980361 
TELEX 523 791 padd 
TELEFAX (089)08 97 63 

HYPOBANK MUC 6860130600 (BLZ 70020001) 
PGA MUC 387 37-808 (BLZ 7O010O80) 

BORO GALILEIPLATZ 1.8000 M0NCHEN 80 



DATUM July 24, 1986 

31 507- EP G/th 



Claims 

1 1. A composition of matter, in particular a catalyst 
composition, adapted to convert feed hydrocarbons 
comprising at least one of C3 and C4 hydrocarbons 
to less saturated product hydrocarbons, in the 

5 presence of steam, selected from the group con- 

sisting of: 

(a) a composition consisting essentially of: (1) at 
Ir-'.ast one oxide of iron and (2) at least one 
oxide of magnesium; 
10 (b) a composition comprising: (1) at least one oxide 

of iron, (2) at least one oxide of manganese and 
(3) at least one oxide of magnesium; 

(c) a composition comprising: (1) a minor amount of 
at least one oxide of iron and (2) a major amount 

15 of at least one oxide of at least one metal of the 

Lanthanum Series; in particular wherein said metal 
is selected from the group consisting of lanthanum 
and cerium; and 

(d) a composition comprising: (1) at least one oxide 
20 of iron and (2) at least one oxide of niobium. 

2. A composition in accordance with claim 1 wherein com- 
positions (a) , (b) , (c) and (d) contain iron in an 
amount between about 0.1 and about 30 wt.%, expressed 
in terms of elemental iron based on the total weight 
of the composition. 
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A composition in accordance with claim 1 wherein the 
composition (b) contains manganese in an amount between 
about 0*1 and about 30 wt.%, expressed in terras of 
elemental manganese based on the total weight of the 
composition. 

A composition of one of the preceding claims wherein 
the sulfur content of catalyst compositions (a), (b), 
(c) and (d) is below about 0.2 wt.%, expressed in terms 
of elemental sulfur based on the total weight of said 
catalyst • 

A method for converting feed hydrocarbons comprising at 
least one of C3 and C4 hydrocarbons to less saturated 
product hydrocarbons, comprising: 

contacting feed hydrocarbons, in particular propane or 
butanes or a mixture of propane and butanes, comprising 
at least one of C3 and C4 hydrocarbons, in the presence 
of steam, with a catalyst composition as defined in one 
of the preceding claims under conditions sufficient to 
convert said feed hydrocarbons to said less saturated 
product hydrocarbons. 

A method in accordance with claim 5 wherein the condi- 
tions are sufficient to selectively convert the feed 
hydrocarbons to ethylene and ethane, particularly 
wherein the conditions are sufficient to selectively 
convert the feed hydrocarbons to ethylene. 

A method in accordance with claim 5 or 6 wherein the 
temperature is maintained between about 550 °C and about 
850 ^C. 

A method in accordance wtih claim 5, 6 or 7 wherein the 
steam/ feed hydrocarbon ratio is maintained between 
about 0.1/1 and about 10/1. 
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1 9. A method in accordance with claim 5, 6, 7 or 8 wherein 
the sulfur content of catalyst compositions (a), (b), 
(c) and (d) is below about 0.2 wt.%, expressed in terms 
of elemental sulfur based on the total weight of said 

6 catalyst . 
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